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Description 

[0001 ] This invention relates to an expandable sheath 
assembly and mor particularly to a larg -diameter 
expandable sheath assembly for use in introducing a 
catheter into a vessel in the body of a patient 
[0002] Expandable access catheter assemblies have 
heretofore been provided to facilitate the placement and 
removal of diagnostic and therapeutic catheters through 
the vascular system. Such catheter assemblies 
included a flexible variable-diameter catheter body, a 
diameter control stylet and a flexible Y-hub. The flexible 
Y-hub incorporates an adjustable hemostasis valve and 
a side port in one branch and a diameter control stylet 
guide wire in another branch. A flexible variable diame- 
ter catheter body is secured to the flexible Y-hub and 
can be expanded between a collapsed position and an 
expanded position by the stylet guide wire. Several defi- 
ciencies have been found in such a device. For exam- 
ple, the adjustable hemostasis valve is incapable of 
accepting large catheters. The flexible variable-diame- 
ter catheter body is objectionable in that it has a ten- 
dency to reduce in diameter and hold onto large- 
diameter catheters when it is attempted to place the 
same through the catheter body. In addition, the tip of 
the stylet guide wire catches a large-diameter catheter 
which causes elongation of the catheter body and 
reduction in its diameter to grab and prevent further 
advancement of the large-diameter catheter. 
[0003] In the prior art US-A-4,580,573 describes a 
catheter introducer having an axial ly disposed cylindri- 
cal elastic segment which covers first and second sub- 
stantially solid cylindrical elements. Also described are 
means for rotatably securing said first and second ele- 
ments relative to a common longitudinal axis for facilitat- 
ing a reduction in diameter of said elastic segment in 
order to perform a fluid-tight seal against any elongated 
element placed along and within said longitudinal axis. 
A catheter so introduced may be advanced, withdrawn, 
held, or otherwise manipulated without loss of the fluid 
or atmospheric seal between the internal diameter of 
the elastic segment and the object introduced. 
[0004] By contrast, US-A-4,540,41 1 describes a cath- 
eter placement device which includes a catheter, a pair 
of relatively rotatable valve members connected to the 
catheter, an elastomeric longitudinally extending tubular 
member connected between the valve members and 
twistable in response to relative rotation of the valve 
members, and an introducer needle extending longitudi- 
nally through the tubular member and catheter for intro- 
ducing the distal end of the catheter into a blood vessel. 
Predetermined relative rotation between the valve 
members effects twisting of the tubular member about 
the needle and closure of the tubular member. 
[0005] Nevertheless there remains a need for a new 
and improved large-diameter expandable sheath 
assembly which will overcome the above described 
deficiencies. 



[0006] In general, it is an object of the present inven- 
tion to provide an expandable sheath assembly which 
can be utilized with large-diameter catheters. 
[0007] Another object of the invention is to provide a 

5 sheath assembly of the above character which is pro- 
vided with a backflow adapter which includes a tubular 
diaphragm that can be moved into a hourglass or iris- 
like configuration to create a fluid-tight barrier around 
any tubular device such as a large-diameter catheter 

10 passed through the backflow adapter and the tubular 
diaphragm. 

[0008] Another object of the invention is to provide a 
sheath assembly of the above character in which the 
backflow adaptor can be readily controlled. 

75 [0009] Another object of the invention is to provide a 
sheath assembly of the above character which is folded 
longitudinally to a small diameter and which can be 
expanded greatly when a large-diameter catheter is to 
be passed through H. 

20 [0010] Another object of the invention is to provide a 
sheath assembly of the above character in which a dila- 
tor can be utilized for expanding the sheath. 
[001 1 ] According to a first aspect of the present inven- 
tion there is provided a large-diameter expandable 

25 sheath assembly for use in introducing a catheter into a 
vessel in a body of a patient comprising an elongate 
sheath tube formed of a flexible material having proxi- 
mal and distal extremities and having a passage 
extending therethrough of a maximum predetermined 

30 diameter; and a backflow adaptor secured to the proxi- 
mal extremity of the elongate sheath tube, said backflow 
adapter having a central opening therein in registration 
with the passage in the sheath tube and valve means 
disposed in the said central opening of the backflow 

35 adapter and movable between an open position in 
which the catheter is permitted to be inserted into the 
sheath and a closed position in which the valve means 
serves to form a hemostatic seal about the catheter, the 
valve means being in the form of a cylindrical member 

40 formed of a flexible material and having a bore therein in 
registration with the central opening, together with 
means carried by the backflow adapter for engaging 
opposite ends of said cylindrical member to enable one 
of said ends to be rotated relative to the other thereby 

45 twisting the cylindrical member and closing the bore, 
said means for enabling relative rotation between oppo- 
site ends of said cylindrical member including a retain- 
ing ring and sheath tube adapter secured to opposite 
ends of said cylindrical member, means for fixing the 

so sheath tube adapter to prevent rotation of the same 
within the backflow adapter and means carried by the 
backflow adapter for rotating the retaining ring with 
respect to the sheath tube adapter, characterised in that 
said means for enabling relative rotation between oppo- 

55 site ends of said cylindrical member further includes a 
ring gear secured to said retaining ring and rack means 
for driving said ring gear to cause rotation of the same. 
[0012] Additional objects and features of the invention 
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will appear from the following descripti n in which the 
preferred embodiments are set forth in detail in conjunc- 
tion with the accompanying drawings. 

Figure 1 is a side elevational view of a large-diame- s 
ter expandable sheath assembly incorporating the 
present invention and in which a sheath introducer 
is disposed In the sheath. 

Figure 2 is an enlarged side elevational view of the 10 
sheath introducer shown in the large-diameter 
expandable sheath assembly of Figure 1 . 

Figure 3 is an enlarged detail view partially in cross- 
section of the distal extremity of the sheath intro- 15 
ducer shown in Figure 2. 

Figure 4 is a cross-sectional view taken along the 
line 4-4 of Figure 1 . 

20 

Figure 5 is a partial side elevational view of an after- 
native embodiment of an expandable sheath. 

Figure 6 is a cross-sectional view taken along the 
line 6-6 of Figure 5. 25 

Figure 7 is a cross-sectional view similar to Figure 4 
showing the sheath of Figures 5 and 6. 

Figure 8 is an enlarged side elevational view par- so 
tially in cross-section of the proximal extremity of 
the large expandable sheath of the sheath assem- 
bly shown in Figure 1 and particularly showing the 
backf low adapter. 

35 

Figure 9 is an end elevational view looking along 
the line 9-9 of Figure 8 with certain portions being 
shown in cross-section and with the valve carried 
by the backf low adapter being in a normally closed 
position. 40 

Figure 10 is a view similar to Figure 9, but showing 
the valve in an open position. 

Figure 11 is a side elevational view partially in cross 45 
section opposite the side shown in Figure 8 of the 
proximal extremity of the expandable sheath. 

Figure 12 is a bottom plan view looking along the 
line 12-12 of Figure 11. so 

Figure 13 is a top plan view looking along the line 
13-13 of Figure 11. 

Figure 14 is a side elevational view of the valve or 55 
diaphragm utilized in the backf low adapter shown in 
Figures 9 and 10. 



Figure 1 5 is an alternative embodiment of a valve or 
diaphragm for use in the backflow adapter shown in 
Figures 9 and 10. 

Rgure 16 is still another embodiment of a valve or 
diaphragm for use in the backflow adapter show in 
Figures 9 and 10. 

Rgure 17 is a view similar to Figure 9 but showing 
an alternative rack and pinion arrangement for the 
backflow adapter. 

Figure 1 8 is a cross-sectional view showing another 
embodiment of a rack for the closing and opening of 
the valve in the backflow adapter. 

Rgure 19 is a cross-sectional view taken along the 
line 12-12 of Figure 18. 

[0013] In general, the large-diameter expandable 
sheath is used for introduction of a catheter into the 
body of a patient. It comprises an elongate sheath tube 
formed of a flexible material and having proximal and 
distal extremities and having passage therein of a pre- 
determined maximum diameter. The distal extremity of 
the elongate sheath tube is folded longitudinally into a 
smaller diameter. A backflow adapter is secured to the 
proximal extremity of the elongate sheath tube. The 
backflow adapter has a central opening therein in regis- 
tration with the passage in the sheath tube. Valve 
means is disposed in the central opening in the back- 
flow adapter and is movable between open and closed 
positions. The valve means when in an open position 
permits a catheter to be introduced into the sheath and 
when closed forms a liquid-tight seal about the catheter 
extending therethrough. 

[0014] More particularly as shown in Figure 1 of the 
drawings, the large-diameter expandable sheath 11 
consists of an elongate sheath tube 12 having proximal 
and distal extremities 13 and 14 and having a flow pas- 
sage 16 having a maximum diameter extending there- 
through. The expandable sheath 1 1 can have a suitable 
length as, for example, 15-35 centimeters and prefera- 
bly approximately 18 centimeters with a maximum out- 
side diameter of 1 centimeter. The elongate sheath tube 
is formed of a flexible material having a wall thickness of 
2.54 x 10' 3 cm to 0.0508 cm (.001 to .020 inches) and 
preferably about 0.0127 cm (.005 inches) and can be 
formed of a suitable plastic material such as Teflon™ (a 
ffuorinated ethylene polypropylene). An alternate mate- 
rial is Tefzel™ (ethylene tetrafluoroethylene). The 
selected material should have physical characteristics 
which will not be compromised by radiation sterilization. 
[0015] The distal extremity of the sheath tube is 
pleated or folded longitudinally as shown in Figure 4 to 
provide wraps or folds 17 for a distance of approxi- 
mately 10 centimeters from the distal end to provide a 
distal extremity of reduced diameter as, for example, a 
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reduction of the outside diameter from 0.9525 cm to 
0.47625 cm (3/8" to 3/16") or approximately one-haff the 
original size. The folding or pleating of the sheath tube 
12 in this manner serves two purposes. The first pur- 
pose is to reduce the sheath diameter to facilitate intro- 
duction of the sheath and to make it less traumatic for 
the vessel into which it is introduced. The second rea- 
son is that with a small-diameter, thin-wall tube, as rep- 
resented by the elongate sheath tube 12, there is less 
likelihood of kinking occurring than in a large-diameter, 
thin-wall tube. The distal extremity of the sheath tube 
12, when folded longitudinally in this manner, serves to 
provide kink resistance in the distal extremity 14 while 
still being relatively flexible. 

[001 6] If it is desired to further decrease the likelihood 
of kinking in the large-diameter, thin-wall tube which 
forms the sheath tube 12, another embodiment of the 
sheath tube can be provided of the type shown in Fig- 
ures 5, 6 and 7. The sheath tube 18 shown in those fig- 
ures is provided with a plurality of circumferentially 
spaced apart flexible elongate elements 19 which are 
embedded in the wall of the tube 18 and extend longitu- 
dinally along the length thereof as shown in Figure 5. 
The proximal extremities are offset or staggered as 
shown in Figure 5 with alternate elements 19 being 
shorter. This offset relationship provides a gradation in 
stiffness in the proximal extremity of the sheath tube 18. 
The elongate elements 19 can be in the form of stain- 
less steel wires having a diameter ranging from 0.0127 
cm to 0.0381 cm ( .005" to .015") and preferably a diam- 
eter of approximately 0.0254 cm (.010"). As can be 
seen from Figure 6, the sheath tube 18 can bulge out- 
wardly around the elongate elements 19 while being rel- 
atively thin between the elongate elements to retain the 
flexibility of the tube 18. As also can be seen from Fig- 
ure 6, the elongate elements 19 are spaced apart in the 
three groups to facilitate the formation of six folds 20 as 
shown in Figure 7 Thus, by way of example, each set of 
elongate elements can have the elongate elements 
spaced approximately 35° apart with each set being 
spaced approximately 85° apart. Spacing of the elon- 
gate elements 1 9 in this manner facilitates the formation 
of the folds shown in Figure 7. The elongate elements 
19 also provide additional rigidity longitudinally of the 
tube 18 so as to inhibit accordioning of the tube 18 dur- 
ing removal of the introducer as hereinafter described. 
[001 7] A backflow adapter 21 is secured to the proxi- 
mal extremity of the elongate sheath tube 1 2. The back- 
flow adapter 21 consists of a housing or body 22 which 
is formed of a suitable material, such as plastic. The 
housing 22 is provided with a central bore 23 extending 
therethrough in axial alignment with the passage 16 of 
the sheath tube 1 2. A cylindrical sheath tube adapter 26 
is disposed in the bore 23 and is provided with an annu- 
lar recess. 27 which receives an inwardly-extending 
flange 28 provided on the proximal extremity 13 of the 
sheath tube 12 (see Figure 8). A tubular insert 29 
formed of the same material as the sheath tube 12 but 



of a greater wall thickness, as for example twice the wall 
thickness of the sheath tube 12, is secured within an 
annular recess 30 in the sheath tube adapter 26 by suit- 
able means such as an adhesive. The insert 29 serves 

5 as a reinforcement and serves to prevent collapse of the 
proximal extremities 13 of the sheath tube 12 when the 
expandable sheath 1 1 is used. The sheath tube adapter 
26 is fixed within a first cylindrical collar 31 seated within 
the bore 23 and is held in place by solvent bonding the 

10 cylindrical collar 31 into the housing or body 22 to pre- 
vent longitudinal and/or rotational movement of the first 
collar 31 relative to the housing or body 22. A second 
collar 34 is also seated in the bore 23 and is rotatable 
therein. An annular ring gear 36 having teeth 37 thereon 

15 is also rotatably mounted in the bore 23 as hereinafter 
described. 

[0018] A cylindrical or tubular valve member or dia- 
phragm 40 is disposed between the first and second 
collars 31 and 34, and is provided with a bore or flow 

20 passage 41 extending therethrough. The valve member 
40 is provided with inwardly extending annular lips or 
flanges 42 and 43 provided on opposite extremities of 
the same (see Figures 8 and 14). The flange 43 is 
seated in an annular recess 46 in the sheath tube 

25 adapter 26 and is retained therein by the first collar 31 . 
The flange 42 is seated in an annular recess 47 pro- 
vided in a retaining ring 48 and retained therein by the 
second collar 34. An annular protrusion 49 is formed 
integral with the retaining ring 48 and engages one side 

30 of the toothed ring gear 36 which is secured to the 
retaining ring 48 by suitable means such as an adhe- 
sive. Similarly, the retaining ring 48 functionally engages 
the second collar 34 and causes the second collar 34 to 
rotate therewith. 

35 [0019] The diaphragm or valve member 40 can have 
a suitable size as, for example, a length of 0.762 - 1 .143 
cm (0.30 - 0.45") and preferably a length of approxi- 
mately 0.762 cm (0.30"), and an inside diameter of 
0.889 - 1 .27 cm (0.35 - 0.500"), and preferably an inside 

40 diameter of 0.9525 cm (0.375"), with a wall thickness 
ranging from 0.0127 cm to 0.0381 cm (0.005" to 
0.015"), and preferably a wall thickness of 0.01778 cm 
(0.007"). The annular lips 42 and 43 can extend 
inwardly for a distance of 0.08128 cm (0.032") from the 

45 outer wall surface and have a length of approximately 
0.127 cm (0.050"). The diaphragm or valve member 40 
can be formed of a suitable material, such as a silicone 
elastomer, as, for example, Dow Silastic 97-4720. It can 
have a Shore A hardness ranging from 20-80 and pref- 

so erably a Shore hardness of 40A. Alternatively, a low 
durometer, tear-resistant rubber-like latex material can 
be utilized. 

[0020] Other diaphragm or valve members such as 
shown in Figures 15 and 16 can be utilized which have 
55 the same physical conformation. In the embodiment 
shown in Rgure 15, small diener polyester fibers 52 are 
bonded to the exterior surface of the diaphragm 51 with 
a silicone adhesive so that the fibers 52 extend circum- 
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ferentially around the outside surface of the diaphragm 
51. Such fibers serve to impede radial and longitudinal 
distention of the diaphragm or valve member 51 . The 
diaphragm or valve member 56 shown in Figure 16 is 
provided with a cylindrical wall 57 which increases in $ 
thickness in a direction towards the distal extremity of 
the diaphragm. This helps the diaphragm to withstand 
the pressures applied to the diaphragm during use, 
which may cause the diaphragm to distend and leak. 
[0021 ] Means is provided for causing relative rotation 
between the sheath tube adapter 26 and the retaining 
ring 48 for opening and closing the bore or flow passage 
41 by twisting of the cylindrical valve member or dia- 
phragm 40. This is accomplished by fixing the first collar 
31 and the sheath tube adapter 26 within the housing or 
body 22 by suitable means such as solvent bonding and 
causing rotation of the retaining ring 48 by the use of a 
rack 61 . The rack 61 consists of a rod 62 formed of a 
suitable material such as stainless steel which extends 
through a hole 63 (see Figure 1 1) in the housing or body 
22 in a direction which is tangential of the bore 23. The 
rod 62 is disposed immediately adjacent a flange 
formed in the body 22 against which the ring gear 36 
rotates. The hole 63 opens into the bore 23 so that rack 
teeth 64 provided on the one side of the rod 62 engage 
the toothed ring gear 36 whereby upon reciprocatory 
movement of the rack 61, the ring gear 36 is rotated 
through an angle ranging from 180° to 360°, and prefer- 
ably an angle of at least 270°. 
[0022] An actuator 66 formed of a suitable material 
such as plastic is mounted on the upper extremity of the 
rod 62 and is secured thereto by suitable means such 
as an Allen-head screw 67 set into the rod 62 as shown 
in Figure 13. The actuator 66 is generally rectangular in 
plan and is provided with an upstanding lip 68 so that it 
conforms to the conformation of the index finger of the 
hand which is to be utilized for actuating the rack 61 . 
The actuator 66 is provided with a reinforcing rib 69 
along one edge of the same. A similar actuator member 
71 is provided on the body 22 underlying the actuator 66 
and is also provided with a downwardly extending lip 72. 
The actuator member 71 is secured to the body 22 by 
suitable means such as an adhesive. The member 71 
also has a rectangular configuration in plan and is sized 
so that it is adapted to be engaged by the thumb of the 
hand as shown in Figure 12. Thus, one hand can be uti- 
lized for operating the backf low adapter 21 by the index 
finger of the hand grasping the actuator 66 and the 
thumb of the same hand grasping the member 71 . 
[0023] A stabilization and guide rod 76 extends 
through a tangential bore 77 (see Figure 1 1) provided in 
the body 22 which is spaced apart from the bore 63 and 
extends in a direction which is parallel thereto. The rod 
76 is formed of a material such as stainless steel and is 
provided with a collar 78 which extends through the 
reinforcing rib 69 of the actuator 66 and is secured 
therein by suitable means such as an Allen-head screw 
79. 



[0024] Means is provided for yieldably returning the 
rack 61 into a position so that the valve member or dia- 
phragm 40 is in a normally closed position and consists 
of a coil spring 81 coaxially mounted on the rod 62 and 
having one end engaging the actuator 66 and having 
the other end engaging a seat 82 provided in the body 
22. Means is provided for preventing the spring 81 from 
urging the rod 62 out of the bore 63 and consists of a 
lump 83 of solder or a braising material provided on the 
rod 62 adjacent the lower extremity of the rack teeth 64. 
Thus, it can be seen by the hand engaging the backf low 
adapter 21 using the index finger to engage the actuator 
66 and the thumb to engage the actuator member 71, 
the rack 61 can be reciprocated back and forth to open 
and close a bore 86 extending through the retaining ring 
48 and the sheath tube adapter 26 by forming an hour- 
glass or iris-like closure as shown in Figure 9 in which 
the radially extending lines 87 shown represents the 
folding over of the elastomeric material of the valve 
member or diaphragm 40. The collar 78 provided on the 
stabilization rod 76 serves to stop further travel up the 
rack when the collar 78 engage a seat 88 provided in 
the body 22. In this position, the spring 81 is almost 
completely compressed as shown in Figure 10. Follow- 
ing the release of the actuator 66, the spring 81 returns 
the rack 62 to its home position and causes the valve 
member or diaphragm 40 to be completely closed as 
shown in Figure 9. 

[0025] The ring gear 36 can be formed of a suitable 
material such as stainless steel and can have any suit- 
able number of teeth. Alternatively, the ring gear can be 
formed of a suitable plastic such as Nylon™. The other 
portions of the backflow adapter 21 as, for example, the 
body 22, the first collar 31, the second collar 34, the 
retaining ring 48 can be formed of a suitable plastic 
such as polycarbonate. The metal parts such as the rod 
62, the stabilization rod 76 and the spring 81 can be 
formed of a suitable material such as stainless steel. 
[0026] Means is provided for introducing liquid as, for 
example, a radiopaque liquid, into the bore 86 and con- 
sists of a tube 91 formed of a suitable material such as 
plastic extending through the first collar 31 and through 
the sheath tube adapter 26 so that it is in communica- 
tion with the bore 86. Flexible tubing 92 is connected to 
the tube 91 and has a stopcock 93 of a conventional 
type mounted thereon which is provided with a Luer- 
type fitting 94. The stopcock 93 is provided with a knob 
96 which can be utilized for moving the stopcock 93 
between open and closed positions. 
[0027] A sheath introducer 101 is provided as a part 
of the assembly shown in Figure 1 and as shown in Fig- 
ure 2 consists of an elongate tubular member 102 
formed in three sections 103, 104 and 106 of different 
diameters. 

[0028] The elongate tubular member 102 can be 
formed of a suitable plastic material such as Pebax™ 
which is formed of polyether Block Amides which is 
loaded with approximately 10% barium sulfate to make 
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the same visible under X-rays. Section 103 can have a 
diameter ranging from 0.381 cm to 0.762 cm (0.15" to 
0.30") and preferably an outside diameter of 0.47625 
cm (3/16ths of an inch). The section 104 can have a 
suitable diameter as, for example, 0.2032 cm to 0.381 
cm (0.08" to 0.15") and preferably a diameter of 0.3175 
cm (1/8th of all inch). The section 106 can have a diam- 
eter ranging from 0.1524 cm to 0.3048 cm (0.06" to 
0.12") and preferably a diameter of 0.2032 cm (0.08"). 
The distal extremities of the sections 103 and 104 are 
provided with tapers 107 and 108, respectively, so as to 
provide a tapered transition from one diameter to 
another. A Luer-type fitting 1 1 1 is mounted on the prox- 
imal extremity of the tubular section 103. A bore or 
lumen 1 1 2 (see Figure 4) of a suitable size as, for exam- 
ple, one capable of passing 0.09652 cm (0.038") 
guidewire, is provided in the section 106 as well as in 
the sections 104 and 103 extending the length of the 
tubular member 102. A tube 1 16 is mounted on the sec- 
tion 106 and the distal extremity of the same and is 
formed of a suitable material such as silicone and is 
retained thereon in a suitable matter by the use of poly- 
ethylene shrink tubing 1 17. A cylindrical enlargement or 
annular bump 1 21 is provided on the tubular section 1 06 
adjacent the distal extremity of the shrink tubing 117 
and serves to prevent the sleeve 116 and the shrink tub- 
ing 117 from accidentally slipping off of the distal 
extremity of the tubular section 106. 
[0029] When the sheath introducer 101 is disposed in 
the expandable sheath 11, as shown in Figure 1, the 
proximal extremity of the silicone sleeve 1 1 6 is disposed 
over the distal extremity of the sheath tube 12 and 
serves to prevent the sharp edges of the folded sheath 
tube 1 2 from causing trauma to the interior wall of a ves- 
sel when it is introduced into the vessel when the sheath 
is introduced as hereinafter described. A vent hole 123 
is provided in the sheath introducer 101 which is in com- 
munication with the passage 112 proximal of the sili- 
cone sleeve 116 as shown in Figure 3. The vent hole 
123 can be utilized for flushing the elongate sheath tube 
12 through the side port fitting 94 prior to use of the 
expandable sheath in a surgical procedure. 
[0030] Operation and use of the expandable sheath 
11 in conjunction with the sheath introducer 101 may 
now be briefly described as follows. Let it be assumed 
that the patient has been prepared in a conventional 
manner and that it is desired to enter a peripheral vessel 
such as an artery or a vein of the patient The desired 
vessel is exposed and a longitudinal or transverse inci- 
sion made into that vessel. A guidewire of a suitable 
size is then selected as, for example, a guidewire having 
a diameter of 0.09652 cm (0.038"). The guidewire (not 
shown) is introduced into the vessel and then the 
expandable sheath assembly 11 shown in Figure 1 is 
placed over the guidewire by placing the proximal 
extremity of the guidewire into th lumen 112 provided 
in the elongate tubular member 102 and advanced 
through the Luer fitting 111. The rounded tip and the 



10 

small diameter of the section 106 of the tubular member 

102 facilitate advancement of the sheath introducer 101 
into the vessel without traumatizing the vessel. The 
small-diameter tip section 106 is followed by the elon- 

5 gate sheath tube 1 2 which has been collapsed as here- 
inbefore described about the tubular section 106 until 
the sheath tube 12 has been introduced to the proper 
depth in the vessel. As soon as the sheath tube 12 has 
been positioned in the vessel, the sheath introducer 101 

10 is advanced relative to the elongate sheath tube 12 by 
using one hand to hold the backf low adapter 21 which is 
connected to the sheath tube 12 and the other hand to 
push the sheath introducer 101 so that the proximal 
extremity of the silicone sleeve 1 16 moves off of the dis- 

15 tal extremity of the sheath tube 1 2 to expose the same. 
[0031] As soon as this has been accomplished, the 
sheath introducer 101 is pushed forward so that section 

103 enters the collapsed section of the sheath tube 12 
to commence opening of the same. The sheath intro- 

20 ducer 101 is then removed through the backf low 
adapter 21 . The sheath introducer can be removed by 
grasping the backf low adapter 21 by the fingers of the 
hand as hereinafter described to at least partially open 
the same to permit removal of the sheath introducer and 

25 dilator 101 while minimizing the flow of blood from the 
sheath tube 12. The backf low adapter can then be 
released. The sheath 1 1 and its backf low adapter is now 
in its normally closed state to provide a hemostatic seal 
closing the flow passage 86. 

30 [0032] The physician conducting the procedure then 
selects the desired catheter or other device which is 
desired to be introduced through the expandable sheath 
1 1 . Such a device should have a diameter of 8.5 mm or 
less or which is at least slightly less than the diameter of 

35 the bore 86. The physician grasps the actuator mem- 
bers 66 and 71 and presses the same to operate the 
rack 61 to open the diaphragm or valve member 40 per- 
mitting the physician to insert the device as, for exam- 
ple, the catheter through the expandable sheath 1 1 . As 

40 soon as the catheter has been advanced as far as 
desired, the physician releases the pressure on the 
actuator members 66 and 71 permitting the diaphragm 
40 to dose around the device as, for example, the cath- 
eter inserted through to form a hemostatic seal about 

45 the catheter. If it is desired to reposition the catheter, it 
is merely necessary to push or pull the catheter and it 
will slide freely through the diaphragm. When it is 
desired to remove the catheter, the catheter need only 
be pulled out of the sheath 101 and the diaphragm will 

so seal closed forming a hemostatic seal. 

[0033] After the procedure has been completed, the 
expandable sheath 1 1 can be removed from the vessel 
and the incision which has been made in the vessel for 
permitting passage of the expandable sheath can be 

55 sutured. 

[0034] It can be seen from the f regoing that ther has 
been provided an expandable sheath 1 1 which can be 
made in various sizes to accommodate large-diameter 
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devices while still providing the desired hemostatic seal. 
The expandable sheath can be readily inserted and 
removed. The sheath introducer 101 facilitates this 
introduction. K is provided with a distal extremity 106 
which is small in diameter to permit the sheath tube 12 5 
to be wrapped about the same as hereinbefore 
described. The sheath introducer 101 is provided with 
sections 103 and 104 of larger diameters to provide 
additional rigidity to the sheath introducer 101 to facili- 
tate pushing of the sheath introducer when introducing 10 
the expandable sheath 1 1 into the vessel of the patient. 
[0035] An alternative mechanism for actuating the dia- 
phragm 40 is shown in Figure 17 and consists of a pin- 
ion 131 which engages the ring gear 36 and is disposed 
in a cylindrical recess 132 provided in the body 22. The 15 
pinion 1 31 is mounted on a shaft 1 33. Another gear 1 34 
is mounted on the shaft 133 and has a smaller diameter 
than the diameter of the pinion 131 and engages the 
rack teeth 64 provided on the rod 62. By providing such 
a gear arrangement, it can be seen that it is possible to 20 
provide a shorter rack to achieve the same degree of 
ring gear rotation for opening and closing of the dia- 
phragm 40. 

[0036] As can be seen in Figures 18 and 19, there is 
shown another embodiment of a mechanism for actuat- 25 
ing the diaphragm 40. As shown therein it consists of a 
flexible rack 141 that is comprised of a flexible member 
1 42 which is provided with rack teeth 1 43 on one side of 
the same which are adaptable to engage the ring gear 
36 The member 1 42 extends through a semicircular slot 30 
144 provided in the body so that it extends through the 
body and around the ring gear 36. An actuator 146 is 
provided formed integral with the rack 141 for operating 
the rack 141 with the fingers of the hand. In this con- 
struction the rack is substantially contained within the 35 
body 22. 

Claims 

1. A large-diameter expandable sheath assembly for 40 
use in introducing a catheter into a vessel in a body 
of a patient comprising an elongate sheath tube 
(12) formed of a flexible material having proximal 
and distal extremities (13, 14) and having a pas- 
sage (16) extending therethrough of a maximum 45 
predetermined diameter; and a backflow adapter 
(21) secured to the proximal extremity (13) of the 
elongate sheath tube (12), said backflow adapter 
(21) having a central opening (23) therein in regis- 
tration with the passage (16) in the sheath tube (1 2) so 
and valve means disposed in the said central open- 
ing (23) of the backflow adapter (21) and movable 
between an open position in which the catheter is 
permitted to be inserted into the sheath and a 
closed position in which the valve means serves to ss 
form a hemostatic seal about the catheter, the valve 
means being in the form of a cylindrical member 
(40) formed f a flexible material and having a bore 



(41) therein in registration with the central opening 
(23), together with means (46, 47) carried by the 
backflow adapter (21) for engaging opposite ends 
(42, 43) of said cylindrical member (40) to enable 
one of said ends (42) to be rotated relative to the 
other (43) thereby twisting the cylindrical member 
(40) and closing the bore (41), said means for ena- 
bling relative rotation between opposite ends of 
said cylindrical member (40) including a retaining 
ring (48) and sheath tube adapter (26) secured to 
opposite ends of said cylindrical member (40), 
means for fixing the sheath tube adapter (26) to 
prevent rotation of the same within the backflow 
adapter (21) and means carried by the backflow 
adapter (21) for rotating the retaining ring (48) with 
respect to the sheath tube adapter (26), character- 
ised in that said means for enabling relative rotation 
between opposite ends of said cylindrical member 
(40) further includes a ring gear (36) secured to 
said retaining ring (48) and rack means (61) for 
driving said ring gear (36) to cause rotation of the 
same. 

2. A sheath assembly as claimed in claim 1 together 
with means (81) yieldably engaging said rack 
means (61) for urging said rack means (61) into a 
position wherein said cylindrical member (40) is 
moved to provide valve means which is in a nor- 
mally closed position. 

3. A sheath assembly as claimed in claim 2, wherein 
said rack means (61) extends tangentially through 
said backflow adapter (21) together with actuator 
means (66) carried by the rack means (61) and 
adapted to be engaged by the fingers of the hand 
for moving the rack means (61) against the force of 
the yieldable means (81) to move the valve means 
to an open position. 

4. A sheath assembly as claimed in claim 3 together 
with a stabilizer rod (76) slidably mounted within 
said backflow adapter (21) parallel to said rack 
means (61) and secured to said actuator means 
(66). 

5. A sheath assembly as claimed in claim 4 together 
with means (83) carried by the rack means (61) for 
preventing said yieldable means (81) from pulling 
said rack means (61) out of engagement with said 
cylindrical member (40). 

6. A sheath assembly as claimed in claim 1 , wherein 
the distal extremity (14) of the elongate sheath tube 
(12) is folded longitudinally to a smaller folded 
diameter. 

7. A sheath assembly as claimed in claim 6 together 
with a sheath introducer (101) disposed in the pas- 
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sage (16) in the sheath tube (12), said sheath intro- 
ducer (101) having a distal extremity extending 
beyond the proximal extremity (13) of the sheath 
tube (12) and dilation means (121) mounted on said 
distal extremity of the sheath introducer (101) which 
has a diameter greater than the folded diameter of 
the sheath tube (12). 

Patentanspruche 

1. Expandierbare HQIIenanordnung groBen Durch- 
messers zum Qebrauch beim EinfOhren eines 
Katheters in ein GefaB in einem Kflrper eines Pati- 
enten, umfassend ein aus einem f lexiblen Material 
hergestelltes langliches HQIIenrohr (12) mil einem 
proximal en und einem distalen Ende (13, 14) und 
mit einem sich durch dieses erstreckenden Durch- 
gang (16) mit einem maximal en vorbestimmten 
Durchmesser; und einen am proximal en Ende (13) 
des l&nglichen Hullenrohrs (12) befestigten Ruck- 
flu Badapter (21), wobei der RuckfluBadapter (21) 
eine zentrale Offnung (23) in Ausrichtung zu dem 
Durchgang (16) im HQIIenrohr (12) und ein Ventil- 
mittel aufweist, weiches in der zentralen Offnung 
(23) des RCickfluBadapters (21) angeordnet ist und 
zwischen einer offenen Stellung, in weicher es 
mOglich ist, den Katheter in die Hulle einzufuhren, 
und einer geschlossenen Stellung bewegbar ist, in 
weicher das Ventilmittel dazu dient, eine hamostati- 
sche Dichtung urn den Katheter herum auszubil- 
den, wobei das Ventilmittel in Form eines 
Zylinderelements (40) ausgebildet ist, welches aus 
einem flexiblen Material hergestellt ist und eine 
Bohrung (41) in Ausrichtung zu der zentralen Off- 
nung (43) aufweist, zusammen mit vom RuckfluB- 
adapter (21) getragenen Mitteln (46, 47) zum 
Angreifen an entgegengesetzten Enden (42, 43) 
des Zylinderelements (40), urn zu ermOglichen, 
daft eines der Enden (42) relativ zum anderen (43) 
gedreht wird, wodurch das Zylinderelement (40) 
verdreht wird und die Bohrung (41) geschlossen 
wird, wobei das Mrttel zum ErmOglichen einer Rela- 
tivdrehung zwischen entgegengesetzten Enden 
des Zylinderelements (40) an den entgegengesetz- 
ten Enden des Zylinderelements (40) befestigt 
einen Haltering (48) und einen HOIIenrohradapter 
(26), Mrttel zum Befestigen des Hullenrohradapters 
(26) zum Verhindern einer Drehung desselben 
innerhalb des RQckfluBadapters (21) und vom 
RuckfluBadapter (21) getragene Mrttel zum Drehen 
des Hatterings (48) bezuglich des Huilenrohradap- 
ters (26) umfaBt, dadurch gekennzeichnet, daB 
das Mrttel zum Ermdglichen einer Relativdrehung 
zwischen den entgegengesetzten Enden des Zylin- 
derelements (40) ferner ein am Haltering (48) befe- 
stigtes Ringzahnrad (36) und ein 
Zahnstangenmittel (61) zum Antreiben des Ring- 
zahnrads (36) aufweist, urn eine Drehung dessel- 



ben zu bewirken. 

2. HQIIenanordnung nach Anspruch 1, zusammen mit 
Mitteln (81), welch nachgebend am Zahnstangen- 

5 mrttel (61) angreifen, um das Zahnstangenmittel 
(61) in eine Stellung zu drucken, wobei das Zylin- 
derelement (40) bewegt wird, um ein Ventilmittel 
vorzusehen, welches sich normalerweise im 
geschlossenen Zustand befindet. 

10 

3. HQIIenanordnung nach Anspruch 2, wobei sich das 
Zahnstangenmittel (61) tangential durch den Ruck- 
fluBadapter (21) zusammen mit einem Bedienungs- 
element (66) erstreckt, welches vom 

is Zahnstangenmittel (61) getragen und dazu ausge- 
legt ist, von den Fingern der Hand zur Bewegung 
des Zahnstangenmittels (61) gegen die Kraft der 
nachgebenden Mrttel (81) ergriffen zu werden, um 
das Ventilmittel in eine geflffnete Stellung zu bewe- 

20 gen. 

4. HQIIenanordnung nach Anspruch 3, zusammen mit 
einer Stabilisatorstange (76), welche verschiebbar 
im RuckfluBadapter (21) parallel zum Zahnstan- 

25 genmittel (61) angebracht und am Bedienungsmit- 
tel (66) befestigt ist. 

5. HQIIenanordnung nach Anspruch 4, zusammen mit 
einem Mittel (83), welches vom Zahnstangenmittel 

30 (61) getragen ist, um zu verhindern, daB das nach- 
gebende Mittel (81) das Zahnstangenmittel (61) 
auBer Eingrrff mit dem Zylinderelement (40) zieht. 

6. HQIIenanordnung nach Anspruch 1, wobei das 
35 distale Ende (14) des langlichen Hullenrohrs (1 2) in 

Langsrichtung auf einen kleineren gefalteten 
Durchmesser zusammengefaftet ist. 

7. HQIIenanordnung nach Anspruch 6, zusammen mit 
40 einer im Durchgang (16) im HQIIenrohr (12) ange- 

ordneten HQIIeneinfGhrvorrichtung (101), wobei die 
HQIIeneinfOhrvorrichtung (101) ein distal es Ende 
aufweist, welches sich uber das proximale Ende 
(13) des Hullenrohrs (12) hinaus erstreckt und ein 
45 am distalen Ende der HQIIeneinfQhrvorrichtung 
(101) angebrachtes Dilatationsmittel (121) umfaBt, 
welches einen Durchmesser aufweist, der grCBer 
als der zusammengefattete Durchmesser des Hul- 
lenrohrs (12) ist. 

50 

Revendlcations 

1. Ensemble formant gaine extensible de grand dia- 
metre destine a §tre utilise pour introduire un cathe- 
55 ter dans un vaisseau dans le corps d'un patient 
comprenant un tube formant gaine allonge (12) 
forme en materiau souple ayant des extremites 
proximale et distale (13, 14) et comportant un pas- 
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sage (16) s'6tendant au travers d'un diametre maxi- 
mal predetermine, et un adaptateur antireflux (21) 
fix6 k Textremite proximate (13) du tube formant 
gaine allonge (12), ledit adaptateur antireflux (21) 
presentant une ouverture centrale (23) dans celui- 
ci correspondant au passage (16) dans le tube for- 
mant gaine (12) et des moyens formant clapet dis- 
poses dans ladite ouverture centrale (23) de 
Tadaptateur antireflux (21) et mobile entre une posi- 
tion ouverte dans laquelle le catheter peut §tre 
ins6r6 dans la gaine et une position ferm6e dans 
laquelle les moyens formant clapet serverrt k former 
un joint h6mostatique autour du catheter, les 
moyens formant clapet se presentant sous la forme 
d'un element cylindrique (40) forme en materiau 
souple et Comportant un aiesage (41) dans celui-ci 
correspondant k I'ouverture centrale (23), conjoin- 
tement avec des moyens (46, 47) support6s par 
Tadaptateur antireflux (21) pour venir en prise avec 
les extrgmrtes oppos6es (42, 43) dudit element 
cylindrique (40) pour permettre k Tune desdites 
extr6mit6s (42) de tourner Tune par rapport k I'autre 
(43), tordant de cette maniere Teiement cylindrique 
(40) etfermant Taiesage (41), lesdits moyens pour 
permettre une rotation relative entre les extr6mites 
oppos6es dudit element cylindrique (40) compre- 
nant une bague de retenue (48) et un adaptateur 
pour tube formant gaine (26) f ix6s au niveau des 
extr6mrt£s oppos6es dudit element cylindrique 
(40), des moyens pour fixer Tadaptateur pour tube 
formant gaine (26) afin d'empgcher la rotation de 
celui-ci k Tirtterieur de Tadaptateur antireflux (21) et 
des moyens supports par Tadaptateur antireflux 
(21) pour faire tourner la bague de retenue (48) par 
rapport k Tadaptateur pour tube formant gaine (26), 
caract6rise en ce que lesdits moyens pour permet- 
tre une rotation relative entre les extr6mites oppo- 
s£es dudit element cylindrique (40) comprennent 
en outre une couronne dentee (36) fix6e k ladite 
bague de retenue (48) et des moyens formant cr6- 
mailiere (61) pour amener ladite couronne dentee 
(36) k effectuer une rotation. 

2. Ensemble formant gaine selon la revendication 1, 
conjointemerrt avec des moyens (81) venant en 
prise de manure k pouvoir ceder avec lesdits 
moyens formant cr6maill6re (61) afin de pousser 
lesdits moyens formant cremailiere (61) dans une 
position dans laquelle ledit element cylindrique (40) 
est d6plac6 pour fournir des moyens formant clapet 
qui sont dans une position normalemertt ferm6e. 

3. Ensemble formant gaine selon la revendication 2, 
dans lequel lesdits moyens formant cremailiere (61) 
s'etendent de manure tangentielle dans ledit adap- 
tateur antireflux (21) conjoirrtement avec les 
moyens d'actionnement (66) supports par les 
moyens formant cremailiere (61) et adapt6s pour 



§tre mis en prise avec les doigts de la main afin de 
d6placer les moyens formant cr6mailier (61) k 
rencontre d'une force des moyens destines k pou- 
voir c6der (81) afin de ddplacer les moyens formant 
5 clapet dans une position ouverte. 

4. Ensemble formant gaine selon la revendication 3, 
conjointemerrt avec une tige stabilisatrice (76) mon- 
t6e de maniere k glisser k rint6rieur dudit adapta- 

10 teur antireflux (21) paralieiement auxdrts moyens 
formant cremailiere (61) et fix6e auxdits moyens 
d'actionnement (66). 

5. Ensemble formant gaine selon la revendication 4, 
15 conjoirrtement avec des moyens (83) supports par 

les moyens formant cr6maill6re (61) pour emp§- 
cher lesdits moyens destines k ceder (81) de tirer 
lesdits moyens formant cremailiere (61) et de les 
d6solidariser dudit element cylindrique (40). 

20 

6. Ensemble formant gaine selon la revendication 1, 
dans lequel Textremite distale (14) du tube formant 
gaine allonge (12) est repiiee longitudinalement 
jusqu'6 obtenir un diametre replie plus petit. 

25 

7. Ensemble formant gaine selon la revendication 6, 
conjoirrtement avec un dispositif d'introduction de 
gaine (101) dispose dans le passage (16) k Tinte- 
rieur du tube formant gaine (12), ledit dispositif 

30 ^introduction de gaine (101) ayant une extr6mite 
distale s'etendant au-deld de Textremite proximale 
(13) du tube formant gaine (12) et des moyens de 
dilatation (121) montes sur ladite extremrte distale 
du dispositif d'introduction de gaine (101) qui pr6- 

35 sente un diametre superieur au diametre replie du 
tube formant gaine (12). 
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